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The quantum yields of stepwise cyclization of the first and second diphenylamino groups in 1,4-bis(diphenylamino)butane are 0.3
and 0.02, respectively, which indicates quenching of the excited diphenylamino group by a carbazole unit in the asymmetric semi-
cyclized compound.

On irradiation, diphenylamine and derivatives are known to
form the corresponding carbazoles by an intramolecular cycli- O O
zation reactiort=> The cyclization has been shown to proceed

in the excited triplet state followed by oxidation of intermediate
dihydrocarbazole to carbazole by oxygen. (CH2)4 <p1 (CH2)4 <pz (CH2)4

In this communication we report the peculiarities of the
photocyclization of the bichromophoric derivative of diphenyl- O/ \© O/ O
amine, namely, 1,4-bis(diphenylamino)butahe The photo-

chemical properties of the model compourdibutyldiphenyl-
amine2 and 1-(-diphenylamino)-44{-carbazolyl)butan® are
also considered for comparison.
An air-saturated acetonitrile solution {5.08x10° M gwas The rate of photochemical transformation of substance X is
irradiated at 313 nm (light intensity 3xf@instein dm*s™). expressed by equation (1):
Spectrum ) in Figure 1 belongs to purk whereas the final
spectrum T) coincides with the spectrum of 1,4-dicarbazolyl-  d[X]/dt = —py(Dy/D)(1 — 10P)I, [€h)
butane4. This compound was identified by its characteristic
absorption 4,,s~ 240, 260, 290 and 340 nm) and fluorescencewvherep, andDy are, respectively, the quantum yield of the
(A ~ 350 and 365 nm) spectra and by comparison (thin layereaction and optical density of the substance X at the irradiation
chromatography) with a thermally synthesized sample. ThereforgyavelengthD is the optical density of the reaction mixture at
4is the final product of the photocyclizationbf the same wavelength ang is the intensity of incident light
Aminocarbazole3, which is a semi-cyclized compound (einstein dm®s™).
with a diphenylamino group on one side of the methylene In the case of a thin optical laydd € 0.1) and monitoring
bridge and a carbazole group on the other, is a possiblae reaction kinetics at the irradiation wavelength, equation (1)
intermediate in the diamine cyclization reaction. The modekan be integrated and gives for tiine
asymmetric compound was synthesized. The absorption
spectrum of3 was proved to be the half-sum of the spectra of In[(D,—D,.)/(Dy—D.)] = —2.3xpyllt (2
1 and4, and to coincide with spectrum)(n Figure 1.
Investigation of the kinetics of photocyclization (see insert inwheree, is the absorption coefficienM(tcmi™) of X at the
Figure 1) shows clearly that the reaction proceeds in twarradiation wavelength ands the optical path (cm).
stages, with a fast first stage, specttqa—% (4), and a slow In addition to diamine photocyclization, reaction kinetics of
second stage, spectrd) & (7). Based on this fact, and on the the model compound® and 3 were investigated. All kinetic
coincidence between the intermediate spect@)nn(Figure 1  data are treated in terms of equation (2) and are compared in
and the absorption spectrum of aminocarba3pthe following  Figure 2.
two-step scheme for the photochemical reactions can be proposedOne can see that, firstly, the kinetics of diamine photo-
(Scheme 1). cyclization, curve 1), in the initial stage of the reaction are

Scheme 1

similar to those of the monoamine photocyclization, straight
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Figure 1 Spectral changes during irradiation of a 5.08%Macetonitrile tls

solution of 1. irradiation time {)-(7)/s: 0, 10, 30, 80, 270, 600, 1560. . o o ]
Insert: kinetics of the optical density decrease at the wavelerfgth drigure 2 Semilogarithmic plots for the photocyclization reactiord3:1(
irradiation (313 nm). (2) 2; (3) 3 (in all case®<0.1).
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line (2), whereas the kinetics of the final stage of the diamineon irradiation of3 the excitation appears to be localised at the

reaction are similar to those of the aminocarbazole photocarbazole group thus preventing cyclization of the diphenyl-

cyclization, straight lined); and, secondly, the slopes of both amino group. The possibility of quenching by an electron

lines differ markedly. The quantum yields for the figsf)(and  transfer mechanism should not be neglected either.

the second «,) diphenylamino groups cyclization ifh are

calculated to be 0.3 and 0.02, respectively. The work was supported by the Russian Foundation for
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diamine 1 in comparison with reactions of the model mono-

amine2 and aminocarbazolg shows that the presence of the References

second diphenylamino group has no effect on the photo-

e . . . 1 E.W. Forster, K. H. Grellmann and H. Linschitz, Am. Chem. Sqc.
cyclization of the first diphenylamino group, whereas the ™ ;97595 3108

photocyclization of the second diphenylamino group is retarded, g H. Grelimann, W. Kuhnle, H. Weller and T. Wolfd, Am. Chem.
after the photocyclization of the first diphenylamino group.  soc, 1981,103 6889.

Therefore, the carbazole group is a quencher for the photos H. Shizuka, Y. Takayama, I. Tanaka and T. MortaAm. Chem. Sqc.
cyclization reaction of the diphenylamino group in semi-  1970,92 7270.

cyclized compoung. 4 K. Amano, T. Hinohara and M. Hoshind, Photochem. Photobiol. A:

Symmetricallya,w-disubstituted alkanes have attracted many  Chem, 199159, 43. _

researchers in connection with an investigation of the problen? T Suzuki, V. Kajii, K.Shibuya and K. ObBull. Chem. Soc. Jpn.
of functional group interactiofr!! In the case of alkanes with 1992,65, 1084,

b 18 d dioh lamind int | | 6 G. E. Johnson]. Chem. Phys1974,61, 3002.
carbazole and diphenylaming groups no Intramolécular 7 y zachariasse and W. Kuhnig, Phys. Chem1976,101, 267.

interaction pf functional groups was observed, provideq theg r A Beecroft, R. S. Davidson and T. D. WheldnChem. Soc., Perkin
number of linking CH groups exceeded 3 (number of linking Trans. 2 1985, 1069.
o-bonds exceeded 4). In this respect, the properties 0b F. C.Deschryver, P.Collart, R.Goedeweeck, A.M.Swinnen, J.
bifunctional compounds with flexible polymethylene chains Vandendriessche and M. Vanderauwerdeg. Chem. Res1987,20,
differ markedly from those with rigid polynorbornyl bridges, 159. .
where interaction has been observed through upténds! 10 J.J. Caiand E. C. Lind, Phys. Chem1994,98, 2515.

The absence of any diphenylamino group interactiot*in 11 M. F. Budyka, T. N. Gavn_shova, O. D. Laukhina and E. M. Koldasheva,
agrees with our finding that the quantum yield of the first 2% Akad. Nauk, Ser. Khimi995, 1725Russ. Chem. Bull1995,44,

: ; A E h 1656).
diphenylamino group phOtOCyCI'Z_at'Qn In(p, = 0.3) is equal 12 G.D. Scholes, K. P. Ghiggino, A. M. Oliver and M. N. Paddon-Row,
to that of monoamin@ photocyclization. However, the small J. Am. Chem. Sqcl993,115, 4345,
value ofp, = 0.02 points to the stronger interaction of the two13 Jj. E. Adams, W. W. Mantulin and J. R. Hubdr, Am. Chem. Sac.
functional groups in asymmetrically disubstituted butéhe 1973,95, 5477.
compared to symmetrically substituted butahesd4. 14 M. Kaschke, B.Valeur, J. Bourson and N.P. Ernsti@gem. Phys.

The data obtained can be explained as follows. Sing|gt (S  Lett, 1991,179 544. _
and triplelt (T) levels of diphenylamine lie at 3110%®and 15 f-P%';ag%g;'sltégé gK?tSBZ/G;g‘a’ A. Tsuchida, S. Ito and M. Yamamoto,
25140 cm1, and those of carbazole lie at 29500 and 24690,cm : > ; 20 :
respectively® The interchromophoric edge-to-edge distance int® M- Shimamoriand A. Satd, Phys. Chem1994,98, 13481.
3 does not exceed 5.1 A and in such compounds the energy
transfer proceeds on a time scale of several picoseconds for the
singlet-singlet transfét and of tens of nanoseconds for the
triplet-triplet one'® Taking into account the lifetimes of the
lowest excited states of the diphenylamine chromoplice,
4.0x10%s for the singlet and 2.7x10s for the triplet staté®
one should expect effective quenching of both singlet andReceived: Moscow, 11th November 1997

triplet excited diphenylamine groups by a carbazole group. So, Cambridge, 15th December 1997; Com. 7/08310F

Mendeleev CommunicationElectronic Version|ssue 2, 1998 (pp. 43-82)



